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Moderate and severe synovitis showed a signiﬁcant association with the
maximum WOMAC pain score item (adjusted odds ratio of 2.7 and 3.4
respectively, 95% conﬁdence intervals 1.4−5.3 and 1.4−8.6 respectively)
compared to knees with no or equivocal synovitis.
Conclusions: We described a novel comprehensive semi-quantitative
scoring system for the assessment of whole-knee synovitis. The proposed
synovitis assessment is reliable and identiﬁes knees with pain. The
suggested system provides a more comprehensive picture of whole-knee
synovial changes in OA than previous methods do and could be applied
in large epidemiological OA studies.
Table 1: Inter- and intra-reader agreement for individual synovitis sites scores
Feature Intra-reader 1
weighted-kappa
(95%CI)
Intra-reader 2
weighted-kappa
(95%CI)
Inter-readers
weighted-kappa
(95%CI)
Medial parapatellar recess 1.00 (1.00−1.00) 0.70 (0.48−0.92) 0.80 (0.62−0.98)
Lateral parapatellar recess 0.80 (0.60−0.99) 0.93 (0.81−1.00) 0.81 (0.63−0.99)
Suprapatellar 0.92 (0.81−1.00) 0.63 (0.41−0.86) 0.83 (0.69−0.97)
Infrapatellar 0.83 (0.69−0.97) 0.81 (0.60−1.00) 0.78 (0.62−0.93)
Intercondylar 0.80 (0.64−0.96) 1.00 (1.00−1.00) 0.67 (0.50−0.85)
Adjacent to the PCL 0.83 (0.69−0.97) 0.60 (0.34−0.86) 0.70 (0.55−0.86)
Adjacent to the ACL 0.76 (0.53−0.96) 0.95 (0.86−1.00) 0.69 (0.51−0.88)
Medial perimeniscal 0.94 (0.84−1.00) 0.74 (0.57−0.91) 0.91 (0.79−1.00)
Lateral perimeniscal 0.78 (0.61−0.94) 0.75 (0.53−0.96) 0.67 (0.49−0.85)
Adjacent to loose bodies 0.67 (0.10−1.00) 0.00 (0.00−0.00)a 0.73 (0.31−1.00)
Baker cyst 0.85 (0.56−1.00) 0.74 (0.26−1.00) 0.92 (0.77−1.00)
aOnly few knees scored.
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BIOCHEMICAL CARTILAGE IMAGING OF PATIENTS AFTER
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Purpose: Analysis of healthy cartilage and traumatic or degenerative car-
tilage lesions in joints with high congruency and thin cartilage layer, such
as the ankle joint, is technically demanding. The clinical impact of such an
assessment is high since modern surgical therapies require sophisticated
high-resolution magnetic resonance imaging (MRI) in the postoperative
follow-up. Biochemical MR techniques have shown promising results in
the post-operative evaluation of cartilage repair tissue in the knee joint.
Using a new dedicated foot and ankle coil, the purpose of the present
study was to assess quantitative values for T2 and T2* relaxation as well
as Diffusion-Weighted-Imaging (DWI) in healthy volunteers and patients
after matrix-associated autologous chondrocyte implantation (MACI) of
the ankle joint.
Methods: Ten healthy volunteers without known musculoskeletal disease
and no history of trauma or pain (mean age 32.4 years) and twelve
patients after MACI of the ankle joint (8 medial and 4 lateral talar dome)
were included in the study. MRI was performed at a 3.0 Tesla MR scanner
using a new eight-channel foot-and-ankle imaging coil with a high reso-
lution and a small ﬁeld of view. Sequences optimized for high-resolution
ankle cartilage imaging at 3.0T were a Proton-Density Fat-Suppressed
Turbo-Spin-Echo (PD FS TSE) sequence and an isotropic 3D-True Fast
Imaging with Steady-State Precession (True-FISP) sequence for mor-
phological imaging, a 2D multi-echo spin-echo sequence for standard
biochemical T2 mapping, a 3D gradient-echo for T2*-mapping and a 3D
partially balanced, steady-state gradient-echo pulse sequence with and
without diffusion weighting for DWI. For all sequences inplane resolution
was 0.3×0.3mm; total scan time was 45 minutes. T2, T2*, and DWI
values were assessed using a Region-of-interest (ROI) analysis within
the medial talar dome for all volunteers. In patients after MACI, healthy
control cartilage as well as cartilage repair tissue was identiﬁed using the
morphological MR sequences; T2, T2*, and DWI values were assessed
by a corresponding ROI analysis. Statistical analysis was performed.
Results: Quantitative assessment of hyaline cartilage of healthy vol-
unteers (T2: 51.1±4.6ms; T2*: 16.6±3.7ms; DWI (diffusion constant):
1.27±0.16) and healthy seen control cartilage sites in patients after
MACI (T2: 48.4±7.5ms; T2*: 16.1±4.1ms; DWI: 1.28±0.17) showed
no signiﬁcance difference (p 0.05). Within the cartilage repair tissue
T2 and T2* values showed similar results with no signiﬁcant difference
(T2: 49.3±6.6ms (p = 0.767); T2*: 16.9±4.2ms (p = 0.505)), whereas DWI
showed a signiﬁcant increase (1.49±0.32 (p = 0.039)).
Conclusions: In our study the assessment of biochemical T2 and T2*
relaxation times as well as DWI values could be was performed in-vivo
with high resolution in a clinical feasible scan time, thus demonstrating
new possibilities in the evaluation of articular cartilage within the an-
kle joint. With biochemical MR technique, valuable parameters for the
follow-up of cartilage repair and for the characterization of the cartilage
repair tissue could be gained. As lesions of talar cartilage may lead to
osteoarthritis and thus reduced quality of life, sophisticated evaluation of
this thin cartilage layer will be important for future patient care.
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Purpose: The purpose of the current study was to implement a three-
dimensional isotropic fast T1 mapping sequence for delayed Gadolinium
enhanced MRI of Cartilage (dGEMRIC) in order to assess the radial
distribution of glycosaminoglycans (GAG) in the hip among patients with
varying degrees of osteoarthritis.
Methods: Thirty-ﬁve symptomatic hips in 35 patients presenting with
none to moderate radiographic evidence of arthritis in the hip were
imaged using a 3D isotropic fast T1 mapping dGEMRIC sequence (TR
15msec, TE 3.27msec, ﬂip angles of 4.1 and 23.5 deg., Matrix size
192/192, 16 cm FoV, voxel size 0.8×0.8×0.8mm) and a previously vali-
dated fast T1 mapping dGEMRIC sequence (voxel size 0.6×0.6×4mm)
for comparison. Correlation between coronal plane dGEMRIC indices,
measured by both sequences, was assessed using Pearson’s linear
regression. Following sequence validation, 3D image data was recon-
structed into 9 radial slices spaced 30 deg. apart and oriented orthog-
onally to the acetabular opening (excluding the fossa) (Fig. 1). In each
slice, a dGEMRIC index was calculated as the mean T1 of the acetabular
and femoral cartilage between the vertical center and peripheral edge of
the joint, excluding the labrum. Patterns of dGEMRIC index distribution
across the 9 radial positions from anterior-inferior (1) to superior (5)
to posterior-inferior (9) were compared for hips with varying amounts
of arthritis. In 10 patients, the correlation between morphological score
of cartilage damage (radial segments were classiﬁed as normal, visible
signal intensity, and severe on standard MRI) and radial dGEMRIC index
was assessed using Spearman’s linear regression.
Figure 1.
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Results: 3D fast T1 mapping sequence measurements correlated well
to previously validated sequence measurements (Pearson regression
coefﬁcient R2=0.958). Radial data was stratiﬁed by overall dGEMRIC
score (mean of 9 radial dGEMRIC indices) into 4 arthritis grades: grade 3
(n = 5, mean=293ms), grade 2 (n = 10, mean=380ms), grade 1 (n = 10,
mean=488ms), and grade 0 (n = 10, mean=597ms). A consistent pat-
tern was observed in which the highest dGEMRIC index occurring in the
superior regions of the joint cartilage in the grade 0−2 hips: mean superior
and superior-posterior dGEMRIC indices were signiﬁcantly greater than
overall dGEMRIC scores (p< 0.05). In grade 3 hips, an inverted pattern
of GAG distribution was observed: superior regions displayed signiﬁ-
cantly lower dGEMRIC indices in comparison to overall dGEMRIC scores
(p< 0.05) (Fig. 2). Spearman’s regression analysis revealed a signiﬁcant
correlation between morphological characterization of cartilage damage
and dGEMRIC index for local radial segments (p< 0.01).
Conclusions: Using a 3D fast T1 mapping dGEMRIC method to assess
the GAG content in local cartilage segments around the acetabulum
in vivo, we have reproduced the charge density distribution reported
in previous histological studies. 3D dGEMRIC is a powerful diagnostic
tool and combined with morphologic assessments will enable the in vivo
characterization of cartilage degradation in early osteoarthritis in future
long-term studies.
Figure 2.
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Purpose: Improved cartilage-joint tissue contrast in MR imaging is
highly desired for accurate segmentation and quantiﬁcation of cartilage
in osteoarthritis. In the present implementation of Double Echo Steady
State with Water Excitation (DESSwe) knee MR imaging (e.g., the Os-
teoarthritis Initiative (OAI)), each DESSwe image is reconstructed as the
arithmetic mean of the ﬁrst and second (double) echo images. In theory,
the geometric mean reconstruction of DESSwe MR imaging is superior
to the arithmetic mean reconstruction for the enhancement of cartilage-
joint tissue contrast. Thus, the purpose of this study was to compare the
image quality, speciﬁcally the contrast of the knee cartilage-joint tissue
interface, between the geometric- and arithmetic-mean reconstructions
of DESSwe images.
Methods: The raw MR data acquired from recent DESSwe MR imaging
of six knee studies were saved ofﬂine. From each raw dataset, the
ﬁrst and second echo images were individually reconstructed using
MatLab Fast-Fourier-Transfer software. Two sets of DESSwe images
were reconstructed from the double-echo images at each slice position:
one set corresponding to the geometric-mean (GM) and the other set
corresponding to the arithmetic-mean (AM) of the double-echo images.
Signal intensities were measured over various regions (bone, cartilage,
meniscus, joint ﬂuid, and background air) at a mid-slice of the GM and AM
images. Signal-to-Noise (SNR) values of the bone, cartilage, meniscus,
and joint ﬂuid were calculated. From these, Contrast-to-Noise (CNR)
values of the cartilage to the adjacent structures (bone, meniscus, and
joint ﬂuid) were computed. Differences in SNR and CNR values between
the GM and AM images were evaluated using paired t-test. In addition,
qualitative assessment of the image quality and cartilage tissue contrast
was performed.
Results: In all tissue components, SNR of the GM images was consis-
tently lower than that for the AM images (GM, AM): (1.4, 1.7) for bone,
(13.3, 14.9) for cartilage, (5.8, 8.1) for meniscus, (23.3, 23.7) for joint
ﬂuid (p< 0.01). The cartilage-bone CNR was also slightly lower on the
GM than AM images (11.9±2.7 versus 13.3±2.9, p< 0.01). However, the
CNR of the cartilage-to-joint was higher for the GM than AM images:
(7.5±2.3 versus 6.8±2.0, p< 0.01) for cartilage-meniscus and (9.9±3.8
versus 8.7±3.7, p< 0.01) for cartilage-joint ﬂuid. Qualitative assessment
correlated well with quantitative results. Theoretical and mathematical
simulation analysis is currently underway.
Conclusions: MR signal contrast between the knee cartilage and joint
tissues, which is required to be high for accurate segmentation and
quantiﬁcation of cartilage, was improved, when DESSwe knee images
were reconstructed as the geometric-mean of the ﬁrst- and second-echo
images, compared to the arithmetic-mean reconstruction.
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Purpose: To compare, three different scoring systems on MRI to assess
synovial membrane (SM) inﬂammation and joint effusion with microscopic
examination of synovial membrane biopsies as gold standard for SM
inﬂammation and joint volume measurement (JVM) as gold standard for
effusion.
Methods: Patients fulﬁlling ACR criteria for knee OA and requiring joint
lavage, were evaluated for pain (VAS), function (Lequesne’s functional
score) and MRI features. On MRI, SM inﬂammation and joint effusion
were studied on three different MRI approaches: (1) WORMS (non
injected images), (2) MRI synovitis total score (T1 injected images) and
(3) MRI effusion score (non injected images). On axial T2 images, this
last score effusion was graded on a four-step scale (grade 0=normal to
grade 3= large effusion deﬁned by capsular distention) on three regions
of interest: (1) in the suprapatellar poutch and (2,3) in lateral and medial
recesses. The effusion score was the sum of the three compartments
and varied from 0, absence of effusion, to 9 severe effusion in the knee.
JVM was obtained by arthrocentesis and microscopic inﬂammation of SM
samples (n = 86) was scored on six classical parameters.
Results: We found an excellent correlation between WORMS and MRI
effusion score (r = 0.82, p< 0.001) and moderate correlation between
WORMS and MRI synovitis total score and MRI effusion score (r = 0.54,
p = 0.016; r = 0.56, p< 0.001) respectively. JVM was correlated to disability
but not to pain. SM inﬂammation on microscopic analysis and MRI
scores were not related with pain or disability. WORMS and MRI effusion
score were well correlated with JVM (r = 0.57−0.60, p = 0.0006) but not
with microscopic SM inﬂammation score. Only MRI synovitis total score
correlated with microscopic SM inﬂammation score (r = 0.46, p = 0.01).
All MRI scoring methods were highly reproducible (ICC intra and inter
observer = 0.73−0.98).
Conclusions: In knee OA, only JVM was related to disability while SM
inﬂammation (microscopic and MRI data) was not related to pain or
disability. Considering microscopic analysis as gold standard, only MRI
total synovitis score performed on injected images was correlated with
SM inﬂammation. With JVM as gold standard, both WORMS and MRI
effusion score were correlated with joint effusion.
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OF OA PROGRESSION IN THE KNEE MEASURED AT
A FIXED LOAD-BEARING POSITION IN THE MEDIAL
COMPARTMENT
T. Lacey1, A. Brett1, T.G. Wiiliams2, A.J. Holmes3, G.R. Vincent4,
M.A. Bowes4. 1Optasia Medical Ltd, Cheadle, UNITED KINGDOM,
2University of Manchester, Manchester, UNITED KINGDOM,
3AstraZeneca, Macclesﬁeld, UNITED KINGDOM, 4iMorphics Ltd,
Manchester, UNITED KINGDOM
Purpose: Radiographic minimum Joint Space Width (minJSW) is the
primary structural endpoint used as an indirect measure of articular
